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EPOXY MOLDING COMPOSITIONS 
HAVING REDUCED MOISTURE UPTAKE 

BACKGROUND OF THE INVENTION 

Field Of T6e Invention 

[0001] The present invention relates to epoxy molding compositions. More 

particularly, the present invention relates to epoxy molding compositions having reduced 
moisture uptake, and which are particularly useful as encapsulants for electronic packaging 
materials. 

Brief Description Of Related Technology 

[0002] Epoxy resin compositions are widely used for electronic packaging materials 

in the electronics industry, and, in particular, as encapsulants for semiconductor elements and 
electronic circuits. Compositions used as electronic packaging materials must have high 
rehability including excellent themial cycle resistance due to extensive temperature changes 
encountered through typical use of electronic devices. Accordingly, epoxy resin based 
compositions, and, in particular, cresol novolac-type epoxy compositions, have been widely 
used in the formation of molding compositions for use as electronic packaging materials. 
[0003] Assembly of electronic components typically involves exposure of the 

electronic component to high temperatures to achieve solder reflow for establishing electrical 
interconnection between a chip and a substrate, as well as to achieve proper curing of any 
polymeric material which may be used as an underfill material between the chip and the 
■ substrate or as an adhesive for adhering the chip to the substrate. During such processing, 
any moisture present within an encapsulant molding composition can result in steam build-up 
from such high-temperature exposure. It is believed that excessive amounts of steam build- 
up during such processing may result in delamination of the encapsulant electronic packaging 
material. As such, it is important to provide the epoxy molding compositions with a low 
moisture uptake, to prevent absorption of moisture by the molding composition and, thereby 
prevent steam build-up and delamination during processing. 

[0004] To provide low -moisture absorption, molding compositions are typically 

provided with a low viscosity epoxy resin including a bulk amount of a filler material at a 
high concentration, such as silica. For example, U.S. Patent No. 5,476,716 discloses various 
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fillers such as silica for use in epoxy molding compositions. This patent also suggests the use 
of clay as a filler material. The use of clay as a traditional dry-mixed bulk filler material, 
however, does not provide effective results with respect to moisture uptake. 
[00051 U.S. Patent No. 6,190,786 also discloses the use of various inorganic filler 

materials such as silica and clay as bulk fillers in highly filled molding compositions, noting 
that such compositions are prone to absorbing moisture in storage. This patent discloses 
molding compositions including a specific epoxy resin which imparts a reduced moisture 
uptake. 

[0006] A recent trend in many fields is to blend polymeric materials with particles of 

a modified clay having a width of several microns and a thickness in the nanometers, 
designated as "nanosize" particles. Composite materials made firom blending clay nanosize 
particles with such polymeric materials can have improved properties such as reduced 
moisture uptake. For example, U:S. Patent Nos. 5,554,670 and 5,853,886 disclose clay nano- 
composites in epoxy compositions. In polytners made firom such epoxy-clay nano- 
composites, the clay filler represents the main filler component. Clay fillers, however, are 
known to swell in use, which results in compositions having a high viscosity, thus rendering 
the epoxy compositions too viscous and, therefore, not usefil in highly filled powder molding 
compositions. 

[0007] Accordingly, it would be advantageous to provide a molding composition 

useful as an encapsulant for electronic packaging materials which provides the advantages of. 
highly filled epoxy-based powder compositions with reduced moisture uptake. 

SUMMARY OF THE ENVENTION 
[0008] It has been discovered through the present invention that a molding 

composition having reduced moisture uptake can be accomplished through epoxy-clay nano- 
composites which are. used as an epoxy component and which are mixed with bulk filler 
materials, used in traditional molding compositions. Accordin^y, the present invention is 
directed to molding, compositions including a bulk amoimt of a filler component, and an 
epoxy-clay nano-composite including a mixture of an epoxy resin, a resin hardener, and clay, 
and optionally a catalyst for promoting reaction between the epoxy resin and Ihe resin 
hardener. The bulk amount of the filler component in the molding composition ranges firom 
about 50 weight percent to about 95 weight percent. The molding composition is resistant to 
moisture uptake. The invention is further directed to an electronic packaging material, which 
packaging material is a reaction product of such a molding, composition, as well as an 
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electronic package including an electronic component encapsulated with such a molding 
composition. 

[0009] In a fiirther embodiment, the invention is directed to a molding composition 

which includes an epoxy-clay nano-composite and a bulk amount of a filler component, 
wherein the composition has a moisture uptake of less than 0.33 percent after exposure to 
about 85*^C and about 85% relative humidity for a period of about 168 hours. 
[0010] In a further embodiment, the present invention is directed to a method of 

preparing a molding composition including preparing an epoxy-clay nano-composite by melt- 
blending .a mixture of an epoxy resin component, a resin hardener component and clay at a 
temperature capable of melting the epoxy resin component without causing polymerization of 
the epoxy resin component, for example, at a temperature of below about 100°C. Such a 
melt-blend mixture is cooled, and then mixed with a catalyst and, optionally, a mold release 
agent and a coupling agent. The epoxy-clay nano-composite as prepared is then mixed with a 
bulk amount of a filler material. The mixture may be ground into a powder. 
[0011] In yet a fiirther embodiment, the present invention includes a method of 

reducing moisture uptake in highly filled epoxy molding compositions. Such a method 
includes mixing an epoxy resin component with a bulk amount of a filler material, wherein 
the epoxy resin component includes an epoxy-clay nano-composite prepared from a melt- 
blended mixture of an epoxy resin, a resin hardener, and clay. 

DETAILED DESCRIPTION OF THE INVENTION 
[0012] The present invention is directed to a molding composition, and, in particular, 

a molding composition for use in electronic packaging materials. Traditional molding 
compositions for use as electronic packaging materials include an epoxy component and a 
bulk filler material. The molding composition of the present invention includes an epoxy- 
clay nano-composite which is used as the epoxy component in the molding composition, in 
combination with a bulk filler material. 

[0013] The epoxy-clay nano-composite includes a mixture of an epoxy resin, a resin 

hardener, and clay, and may fiirther include a catalyst for promoting reaction between the 
epoxy resin and the resin hardener. For purposes of the present invention, the phrase "epoxy- 
clay nano-composite" is not meant to encompass a final polymer reaction product as formed 
through polymerization reaction of the components, but instead represents the melt-blended, 
dry powder mixture of these components. Such a mixture is an intemiediate component in 

3 . 
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the present invention, which is further processed to form the molding compositions of the 
present invention, as will be discussed in further detail herein. 

[0014] The epoxy resin component may be any type of epoxy resin useful in molding 

compositions, including any material containing two or more reactive oxirane groups. The 
epoxy resin may have two or more epoxy groups in one molecule, including glycidyl ether 
typ-i glycidyl-ester type; alicyclic type; heterocyclic type and halogenated epoxy resins, etc. 
Non-limiting examples of suitable epoxy resins include epoxy cresol -novolac resin, phenoUc 
novolac epoxy resin, biphenyl epoxy resin, hydroquinone epoxy resin, stilbene epoxy resin, 
and mixtures and combinations thereof Epoxy cresol novolac resin is particularly desirable 
for use in the present invention. The epoxy resins may be used either individually or as a 
mixture of two or more resins, such as a combination of epoxy cresol novolac and biphenyl 
epoxy resin, 

[0015] A resin hardener component is provided for promoting crosslinking of the 

molding composition to form a polymer composition. The resin hardener includes a phenol- 
derived or substituted phenol-derived novolac or an anhydride. Non-limiting examples of 
suitable hardeners include phenol novolac hardener, cresol • novolac hardener, 
dicyclopentadiene phenol hardener, limonene type hardener, anhydrides, and mixtures 
thereof. Phenol novolac hardener is particularly desirable. Also, in a similar manner as with 
the epoxy resins, the resin hardener may be used either individually or as a mixture of two or 
more hardeners. 

[0016] In desirable embodiments including a phenol novolac hardener, the phenol 

novolac hardener desirably contains a biphenyl or naphthyl moiety. The phenolic hydroxy 
groups can be attached to the biphenyl or naphthyl moiety of the compound. A preferred 
phenol novolac hardener is commercially available from Meiwa Plastic Industries, Ltd. of 
Japan (catalog no. MEH 7851, SS graded). This type of hardener may also be prepared 
according to the methods described in EP 915 1 18 Al. For example, a hardener containing a 
biphenyl moiety can be prepared by reacting phenol with bismethoxy-methylene biphenyl. 
[0017] The epoxy-clay nano-composite also includes clay in the form of a smectite. 

Clays are fine-grained materials having a phylosillicate or sheet-like structure: Smectite or 
smectite-type clays as used in the present invention refers to the general class of clay 
minerals with expanding crystal lattices. Smectite clays are generally considered swelling 
clays, which absorb water or other polar ions into their stmcture, thus forming a sandwich- 
type stracture. Non-limiting examples of clays useful in the present invention include 
dioctahedral smectites, including montmorillonite,' beidellite, and nontronite; and 
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ixioctahedral smectites, including saponite, hectorite and sauconite, as well as synthetically 
prepared sniectite clays, such as those. prepared through hydrothermal processes, as is known 
in the art. Examples of particularly desirable clays are those commercially available under the 
name CLOISITE® from Southern Clay Products, Inc. of Gonzales, Texas. 
[0018] As noted above, the epoxy-clay nano-composite represents an unreacted 

intermediate component. While such intermediate component includes epoxy resin, resin 
hardener and clay as elements thereof, it is also possible to include additional components 
within this intermediate component. For example, the epoxy-clay nano-composite may 
further include a catalyst for promoting reaction between the epoxy resin and the resin 
hardener during curing of the molding composition. Incorporating a catalyst directly in the 
epoxy-clay nano-composite provides effective catalytic activity for subsequent reaction, since 
both the epoxy resin and the hardener are present within the nano-composite stracture. 
[0019] Such catalysts for promoting reaction between the epoxy resin and the 

hardener are well known in the art. Examples of such catalysts include, but are not limited to, 
basic and acidic catalysts such as metal halide Lewis acids, including boron trifluoride, 
stannic chloride, zinc chloride and the like; metal carboxylate-salts such as stannous octoate 
and the like; and amines, such as triethylamine, imadazole derivatives, and the like. . 
[0020] As will be described in more detail herein, the epoxy resin, the resin hardener, 

and the clay are mixed to form an epoxy-clay nano-composite. The amount of epoxy resin 
provided in the epoxy-clay nano-composite may range from about 20 weight percent to about 
75 weight percent based on the weight of the epoxy-clay nano-composite, desirably from 
about 55 weight percent to about 65 weight percent based on the weight of the epoxy-clay 
nano-composite. The amount of resin hardener in the epoxy-clay nano-composite may range 
from about 7.5 weight percent to about 50 weight percent based on the weight of the epoxy- 
clay nano-composite, desirably from about 25 weight percent to about 35 weight percent 
based on the weight of the epoxy-clay nano-composite. The clay may be provided in the 
epoxy-clay nano-composite at a range of about 2.5 weight percent to about 15 weight percent 
based on the weight of the epoxy-clay nano-composite, more desirably at a range of about 2.5 
weight percent to about 5 weight percent based on the weight of the epoxy-clay nano- 
composite. In embodiments in which a catalyst is included within the epoxy-clay nano- 
composite, the amount of catalyst provided in the epoxy-clay nano-composite ranges from 
about 0.5 weight percent to about 50 weight percent based on the weight of the epoxy-clay 
nano-composite, desirably from about 0.5 weight percent to about 5 weight percent based on 
the weight of the epoxy-clay nano-composite. 

5 
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[0021] The epoxy-clay nano-composite is further combined with a bulk amount of a 

filler component to fomi the molding composition of the present invention. The bulk filler 
component or filler material may be any material known in the art for use as a filler material. 
For example, the filler material may be silica, calcium carbonate, calcixmi silicate, aluminum 
oxide, glass fibers, and mixtures thereof In particularly desirable embodiments, the filler 
materia] is silica. 

[0022] As indicated, the filler material is present in the molding composition of the 

present invention in a bulk amount, therefore representing a substantial portion or majority 
component of the molding composition. The amount of the filler material in the molding 
composition ranges from about 50 weight percent to about 95 weight percent based on the 
total weight of the molding composition, desirably from about 75 weight percent to about 55 
weight percent based on the total weight of the molding composition. As such, the epoxy- 
clay nano-composite represents from about 5 weight percent to about 50 weight percent of 
the molding composition, desirably from about 25 weight percent to about 45 weight percent 
of the molding composition. In particularly desirable embodiments, the filler material 
represents about 80 weight percent of the molding composition, with the epoxy-clay nano- 
composite representing about 20 weight percent based on the total weight of the molding 
composition. With the epoxy-clay nano-composite desirably representing about 20 weight 
percent of the molding composition, the amount of epoxy resin present in the molding 
composition ranges from about 4 weight percent to about 15 weight percent based on the total 
weight of the molding composition, desirably about 11 weight percent to about 13 weight 
percent of the molding composition. The amount of the resin hardener in the molding 
composition ranges from about 1.5 weight percent to about 10 weight percent based on the 
total weight of the molding composition, desirably about 5 weight percent to about 7 weight 
percent of the molding composition. The amount of the clay in the molding composition 
ranges from about 0.5 weight percent to about 3 weight percent based on the total weight of 
the molding composition, desirably about 0.5 weight percent to about 1 percent of the 
molding composition. The amotmt of the catalyst in the molding composition ranges from 
about 0.1 weight percent to about 10 weight percent, desirably about 0.1 to about 1 weight 
percent. 

[0023] It is beUeved that the use of the epoxy-clay nano-composite as the epoxy 

component in the molding compositions provides a synergistic efifect with the bulk filler 
material, thereby reducing the moisture uptake by the composition. For example, the epoxy- 
clay nano-composite represents a layered sheet-like structure, with individual sheets of clay 
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acting as barrier layers. Such barrier layers further prevent absorption of moisture into the 
composition. As' such, the molding composition has an overall reduction in moisture uptake. 
[0024] Moreover, the molding composition of the present invention may include 

additional components and additives known to impart specific properties to the molding 
composition, depending on the intended application of the product. For example, the 
molding composition may include a component selected from mold release agents, coupling 
agents, colorants, flame retardants, ion scavengers, and mixtures thereof. 
[0025] Mold release agents are chemical agents commonly used to assist in the 

release of the cured epoxy molding compounds from the curing mold. Examples of useful 
mold release agents include camauba wax, montanic acid ester wax, polyethylene wax, 
polytetrafluoroethylene wax, glyceral monostearate, metalhc stearates, paraffin wax, and the 
like. The mold release agent may be provided in an amount of from about 0.1 weight percent 
to about 2 weight percent based on the total wei^t of the molding composition. 
[0026] Coupling agents are known to improve the dry electrical properties of 

compounds. Examples of useful coupling agents include silane-type coupling agents, 
characterized by the formula R'Si(OR)3, where R' represents an organo-funtional group such 
as amino, mercapto, vinyl, epoxy or methacryloxy, and OR represents a hydrolyzable alkoxy 
group attached to the silicon. The coupling agent may be provided in an amount of from 
about 0. 1 weight percent to about 2 weight percent based on the total weight of the molding 
composition. 

[0027] Examples of useful colorants include carbon black, pigments, dyes, and the 

like. The colorant may be provided in an amount of from about 0.1 weight percent to about 2 
weight percent bsised on the total weight of the molding composition. 

[0028] Examples of useful flame retardants include bromine-containing flame 

retardants, phosphoms-containing flame retardants, antimony oxide flame retardants, and the 
like. The flame retardant may be provided in an amoimt of from about 1 weight percent to 
about 5 weight percent based on the total weight of the molding composition. In addition, 
bromine-free flame retardants, commonly referred to as "green compoimds", may also be 
used. 

[0029] Examples of useful ion scavengers include magnesium aluminum carbonate 

hydrate. The ion scavenger may be provided in an amount of from about 0.1 weight percent 
to about 2 weight percent based on the total weight of the molding composition. 
[0030] Such additional components may be provided in the molding composition by 

inclusion in the epoxy-clay nano-composite during formation thereof, or may be provided by 
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inclusion in the molding composition upon mixing of the epoxy-clay nano-composite with 
the bulk filler material. For example, a portion of the mold release agent and the coupling 
agent may be included in the epoxy-clay nano-composite during formation thereof, and a 
further portion of the mold release agent and the coupling agent may be combined with the 
bulk filler material prior to mixing of the epoxy-clay nano-composite and the bulk filler. 
Also, the additional components may be provided to the composition during mixing of the 
epoxy-clay nano-composite with the bulk filler material. 

[0031] The clay component of the molding composition may fiirther impart flame 

retardation properties to the composition. 

[0032] The present invention will now be described in terms of a method of preparing 

the molding compositions. First, the epoxy-clay nano-composite is prepared. This is 
accomplished by initially melt-blending a mixture of the epoxy resin component, the resin 
hardener component, and the clay. Melt-blending of these components is believed to cause 
exfoliation of the clay, in which individual clay layers are separated in a continuous matrix. - 
The melt-blending is conducted at a temperature which is capable of melting the epoxy resin 
component, and blending the epoxy resin component with the hardener and the clay, without 
causing homopolymerization of the epoxy resin component. As such, the temperature of the 
melt-blend is closely monitored to prevent an increase in temperature to a level which would 
result in polymerization of the epoxy resin. The epoxy resin component, resin hardener 
component and clay are therefore mixed in the melt-blending step at a temperature of below . 
about 100°C, desirably at a temperature between about 90°C - 95°C. 

[0033] After melt-blending the epoxy resin and the hardener with the clay, the melt- 

blended mixture is cooled. The cooled mixture is then pulverized, for example by grinding 
the mixture into a fine powder. This pulverized mixture is then fiirther combined with the i 
catalyst, and, optionally, a mold release agent and coupling agent, for example by adding the 
Uquid components to the dry powder and mixing the components. The mixture is ground into 
a powder to form a homogeneous mixture. This homogeneous mixture is referenced in the 
present application as the eppxy-clay nano-composite. 

[0034] The epoxy-clay nano-composite thus prepared is then combined and mixed or 

dry blended with a bulk amount of a filler material, such as silica. Prior to such mixing, the 
filler material may be treated by mixing with a coupling agent, such as those described in 
connection with fomiation of the epoxy-clay nano-composite, such as silane. Additionally, 
the filler material may also be combined with a mold release agent such as those described in 
connection with formation of the epoxy-clay nano-composite, such as a wax. 

8 
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[0035] The treated filler material can be mixed with the epoxy-clay nano-composite, 

as well as any additional additives, in appropriate proportions as set forth above. Such 
mixing may be accomplished, for example, with a differential roll mill or with an extmder, to 
produce a imiform sheet, which is subsequently cooled and groimd into a fine powder. The 
powder may be used as is as a final molding powder composition, or may be densified or 
compacted in known manner to form preforms of pellets or tablets of desired shape or size, 
[0036] The thus formed molding composition may be molded into various articles by 

application of the appropriate temperature and pressure. For example, typical molding 
conditions may range from about 150°C to about 200°C, desirably about 175°C to about 
190°C, at pressures of from about 400 to about 1,500 pounds per square inch (psi) (about 28- 
105 kg/cm^), for a time ranging from about 30 to 120 seconds, desirably 60 to 90 seconds. 
Such conditions result in proper reaction and curing of the epoxy composition to fomi the 
electronic packaging material of the present invention, such as for an encapsulated 
semiconductor. 

[0037] The molding compositions may be used to encapsulate semiconductor devices 

by any conventional method. Any suitable molding apparatus may be employed, such as a 
transfer press equipped with a multi-cavity mold. 

[0038] The molding compositions of the present invention including the epoxy-clay 

nano-composite as the epoxy component in combination with a bulk filler material are 
resistant to moisture uptake, particularly when compared with conventional epoxy molding 
compositions. This reduced moisture uptake is beheved to be imparted to the composition 
through a synergistic effect of the components of the epoxy-clay nano-composite and the 
bulk filler material. In particular, traditional fillers such as silica are porous materials, which 
can absorb moisture. Merely adding clay in place of a portion of a traditional filler in a 
molding composition results in the clay acting as a swelling agent, and absorbing moisture 
into the molding composition. It has been discovered through the present invention, 
however, that an epoxy-clay nano-composite as an epoxy component in combination with a 
bulk amount of a traditional filler component will reduce the moisture uptake of the 
composition. Thus, a synergism exists between the epoxy-clay nano-composite and the filler 
material, which imparts the improved properties with respect to a decrease in moisture 
uptake. The moisture uptake of the molding compositions of the present invention is 
desirably less than about 0.33 percent, after exposure to a temperature of about 85°C and 
about 85% relative humidity of a period of about 168 hours. 
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[0039] As such, a further embodiment of the present invention includes a method of 

reducing moisture uptake in highly filled epoxy molding compositions including an epoxy 
resin component and a bulk amount of a filler material. In such a method, the epoxy resin 
component is provided as an epoxy-clay nano-composite including a melt-blended mixture of 
an epoxy resin, a resin hardener, and clay, as described above. 

[0040] The present invention will be further exemplified through the foUov^ing 

examples, which demonstrate the preparation of molding compositions of the present 
invention, as well as comparisons of such coatings with prior art compositions. Unless 
otherwise indicated in the examples -and elsewhere in the specification and claims, all parts 
and percentages are by weight, temperatures are in degrees Centigrade, and pressures are at 
or near atmospheric pressure. 

EXAMPLES 
EXAMPLE 1 

[0041] This example represents a comparative example demonstrating a conventional 

highly filled epoxy molding composition including a conventional epoxy component and a 
bulk amount of a silica fiUor. 

[0042] A basic formulation for a molding composition was prepared including the 

following components; 



TABLE 1 



Component 


Weight Percent 


Epoxy' 


12.40 


Hardener^ 


6.62 


Catalyst'' 


0.50 


Silica Filler 


79.10 


Silane Coupling Agent 


1.10 


Wax Mold Release Agent* 


0.28 


TOTAL 


100 



1 cresolic novolac 

2 phenolic novolac 

3 EPI-CURE available from Union Carbide Coip. 

4 camaubawax 



[0043] 1.1 grams of the silane coupling agent and 0.29 grams of the wax mold release 

agent were initially added to 79.09 grams of the silica filler in a Mixaco blender and blended 
for a period of 1 to 2 minutes. 12.4 grams of epoxy resin, 6.62 grams of the hardener, and 0.5 
grams of the catalyst are then added to the blended mixture of the silica filler, and milled 
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using a two-roll mill at 210°F. The end product was pelletized using a Karas Corporation 
pelletizer to form an epoxy molding composition identified as Comparative Composition 1, 
[0044] The molding composition was transfer molded by on a Lawton compression 

molding press at 177°C under 0.5 ton. 

EXAMPLE 2 

[0045] This example represents a comparative example demonstrating a highly filled 

epoxy molding composition prepared according to the prior art, including a conventional 
epoxy component and a bulk filler of silica, with a portion of the bulk filler being substituted 
with clay. 

[0046] An epoxy molding composition was prepared as in Example 1, with the 

exception that the filler material included 78.8 grams of silica filler and 0.9 grams of clay. 
The composition was blended, mixed, and formed in the same manner as in Example 1, to 
form an epoxy molding composition identified as Comparative Composition 2. 
[0047] The molding composition was transfer molded in a similar manner as in 

Example 1. 

EXAMPLE 3 

[0048] This example demonstrates a highly filled epoxy molding composition 

prepared according to the present invention. 

[0049] A basic formulation for a molding composition was prepared including the 

following components: . 



TABLE 2A 



Component 


"Weieht Percent 


Epoxy' 


12.29 


Hardener'' - 


6.56 


Nano-Clay* 


0.90 


Catalyst^ 


0.10 


Silica Filler 


78.8 


Silane Coupling Agent 


1.08 


Wax Mold Release Agent'' 


0.28 


TOTAL 


100 



1 cresolic novolac 

2 phenolic novolac 

3 EPI-CUKE available from Union Carbide Corp. 

4 camauba wax 

5 Cloisite® lOA, Available from Southern Clay Products, Inc. 



[0050] An epoxy-clay nano-composite mixture was prepared as Component A as 

follows: 61.45 grams of the epoxy resin was melted at 175°C. 4.5 grams of the clay (dried at 
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1 10°C overnight) and 32.80 grams of the hardener were added to the melted epoxy resin with 
vigorous stirring for about 50-60 minutes at 90°C - 95°C. After mixing, the mixture was 
cooled to ambient and pulverized into a powder using a Karas Pulverizor. This powder was . 
then mixed with 0.35 grams of the silane coupling agent, 0.40 grams of the wax, and 0.50 
grams of the amine catalyst, to produce an epoxy-clay nano-composite intermediate having 
the following components: 



TABLE 2B 



Component 


Weieht Percent 




of Intermediate 


Epoxy 


6L45 


Hardener 


32.80 


Nano-Clay 


4.5 


Catalyst 


0.5 


Silane Coupling Agent 


0.35 


Wax Mold Release Agent 


0.40 


TOTAL 


100 



[00511 Separately, Component B was prepared as follows: 1.0 grams of the silane 

coupling agent and 0.20 grams of the wax mold release agent are added to the sihca filler in a 
Mixaco blender and blended for a period of 1-2 minutes. 

[0052] Component B was then combined and milled with the epoxy-clay nano- 

composite mixture of Component A prepared as described above at a ratio of 20% 
Component A to 80% Component B using a tow roll mill. The end product was pelletized 
using a Karas Corporation pelletizer to form an epoxy molding composition according to the 
present invention, identified as Inventive Composition 3. 

[0053] The molding composition was transfer molded in a similar manner as in 

Example 1. 

[0054] Molded specimens of each of Comparative Compositions 1 and 2 and 

Inventive Composition 3 were prepared and tested for hot-plate gel time using a gel plate set 
at 177°C; for spiral flow using ASTMD-3123 test method, in which the molding compound is 
flowed through a spiral semi-circular cross-section until the flow ceases; and for moisture 
uptake by gravimetric method after subjecting the molded materials to JEDEC (Joint Electron 
Deviced Engineering Coimsel) level 1 testing, which requires the materials to be exposed to 
85°C and 85% relative humidity for a period of 168 hours. The results are shown in Table 3. 
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COMPOSITION 


GEL TIINIE 


SPIRAL 


MOISTURE 




(sec) 


FLOW (inches) 


UPTAKE (%) 


1 (Comparative) 


25 . 


55 


0.3878 


2 (Comparative) 


75 


66 


0.3511 


3 (Inventive) 


25 


35 


0.3095 



[0055] As can be seen from the results of Table 3, a comparison of Comparative 

Composition 1 and Inventive Composition 3 demonstrates a reduction in the moisture uptake 
in the composition of the present invention (Composition 3), with a reduction in moisture 
uptake of from 0.3878% to 0.3095%. Such a reduction in moisture uptake is considered to be 
significant to the electronic packaging industry. Also, a lower spiral flow is observed in 
Inventive Composition 3. Spiral flows of 25-40 inches are considered adequate for transfer 
molding packaging. It is believed that the plate structure of swelling clays, with thin 
hexagonal sheets expanded by the penetration of the polymer, ofifers resistance to flow, as 
compared to spherical silica particles of conventional fillers. 

[0056] Also, a comparison of Comparative Composition 2 and Inventive Composition 

3 demonstrates that merely adding clay to an epoxy molding composition does not result in 
any significant reduction in the moisture uptake, and results in a higher spiral flow. 
[0057] The foregoing examples are intended to illustrate, without limitation, tlae 

molding compositions and methods of the present invention. The invention being thus 
described, it will be evident to those skilled in the art that the same may be varied in many 
ways. Such variations are not to be regarded as a departure from the spirit and scope of the 
invention and all such modifications are intended to be included within the scope of the 
claims. 
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WHAT IS CLAIMED IS: 
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1 . A molding composition comprising: 

a) a bulk amount of a filler component, and 

b) an epoxy-clay nano-composite comprising a mixture of: 

i) an epoxy resin; 

ii) a resin hardener; and 
• iii) clay. 

2. A molding composition as in claim 1, wherein the amount of said filler 
component in said molding composition ranges firom about 50 weight percent to about 95 
weight percent based on the total weight of the molding composition. 

3. A molding composition as in claim 1, wherein the amount of said clay in said 
molding composition ranges firom about 0.5 weight percent to about 3 weight percent based 
on the total weight of the molding composition. 

4. A molding composition as in claim 1, wherein the amount of said epoxy resin 
in said molding composition ranges from about 4 weight percent to about 15 weight percent 
based on the total weight of the molding composition. 

5. A molding composition as in claim 1, wherein the amount of said resin 
hardener in said molding composition ranges fi:^om about 1,5 weight percent to about 10 
weight percent based on the total weight of the molding composition. 

6. A molding composition as in claim 1, wherein said filler component is 
selected firom the group consisting of silica, calcium carbonate, calcium silicate, aluminum 
oxide, glass fiibers and mixtures thereof. 

7. A molding composition as in claim 1, wherein said filler component is silica, 

8. A molding composition as in claim 1, wherein said epoxy resin is an epoxy 
cresol novolac resin. 
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9. A molding composition as in claim 1, wherein said resin hardener is selected 
from the group consisting of phenol novolacs, cresol novolacs, anhydrides, and mixtures 
thereof. 

10. A molding composition as in claim 1, wherein said epoxy-clay nano- 
composite further comprises a catalyst for promoting reaction between the epoxy resin and 

, the hardener. 

IJ. A molding composition as in claim 1, further comprising a component 
selected from the group consisting of mold release agents, coupling agents, colorants, flame 
retardants, ion scavengers, and mixtures thereof. 

12. A molding composition as in claim 1, which is resistant to moisture uptake. 

13. An electronic packaging material comprising a reaction product of the 
molding composition of claim 1 . 

14. An electronic package comprising an electronic component encapsulated with 
an encapsulant, said encapsulant comprising the reaction product of a bulk amoimt of a filler 
component and an epoxy-clay nano-composite comprising a mixture of an epoxy-resin, a 
resin hardener, and clay. 

15. A molding composition comprising: 

a) about 50 weight percent to about 95 weight percent, based on the total 
weight of the composition, of a filler component, and 

b) about 5 weight percent to about 50 weight percent, based on the total 
weight of the composition, of an epoxy-clay nano-composite comprising the 
reaction product of a mixture of: 

i) about 20 weight percent to about 75 weight percent, based on 
the weight of the epoxy-clay nano-composite, of an epoxy resin, 

ii) about 7.5 weight percent to about 50 weight percent, based on 
the weight of the epoxy-clay nano-composites of a resin hardener, 

iii) about 2.5 weight percent to about 15 weight percent, based on 
the weight of the epoxy-clay nano-composite of clay, and 
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iv) optionally, about 0.5 weight percent to about 50 weight percent, 

« 

based on the weight of the epoxy-clay nano-composite, of a catalyst for 
promoting reaction between the epoxy resin and the resin hardener. 

16. A molding composition comprising an epoxy-clay nano-composite and a bulk 
amount of a jSller component, wherein the molding composition has a moisture uptake of less 
than about 0.33 percent after exposure to a temperature of about 85°C at about 85 percent 
relative humidity for a period of about 168 hours. 

17. A method of preparing a molding composition comprising: 

a) preparing an epoxy-clay nano-composite by: 

i) melt-blending a mixture of an epoxy resin component, a resin 
hardener component and clay at a temperature capable of melting said epoxy resin 
component without causing polymerization of said epoxy resin component; 

ii) . cooling said melt-blended mixture; 

iii) mixing said melt-blended mixture with a catalyst, optionally, a 
mold release agent and optionally, a coupling agent; and 

b) mixing said epoxy-clay nano-composite with a bulk amoimt of a filler 

material. 



18. A method as in claim 14, wherein said filler material is treated with a coupling 
agent prior to said mixing step (b). 

19. A method as in claim 14, further comprising a step of grinding to a powder 
said mixture formed by said mixing step (b). 

20. A method of reducing moisture uptake in highly filled epoxy molding 
compositions comprising mixing an epoxy resin component with a bulk amount of a filler 
material, wherein said epoxy resin component comprises an epoxy-clay nano-composite 
prepared firom a melt-blended mixture of an epoxy resin, a resin hardener and clay. 
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